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PHeart Rhythm Disorders
Effect of Epicardial Fat
on Electroanatomical Mapping
and Epicardial Catheter Ablation
Benoit Desjardins, MD, PHD, Fred Morady, MD, Frank Bogun, MD
Ann Arbor, Michigan
Objectives The purpose of this study was to correlate 3-dimensional distribution of epicardial fat on computed tomography
(CT) with electroanatomical (EA) voltage maps obtained during percutaneous epicardial mapping in order to de-
termine the fat thickness cut-off that results in voltage attenuation and to establish normal ventricular epicardial
voltage criteria in the absence of fat.
Background Epicardial fat can mimic scar tissue when epicardial voltage mapping is performed, as both result in low epicardial
voltage. Cardiac CT can differentiate epicardial fat from scar or muscle on the basis of their distinct attenuations.
Methods Transcutaneous epicardial mapping was performed in a consecutive series of 14 patients. A cardiac CT was per-
formed before the procedure and a 3-dimensional image of the epicardial fat was generated and registered with
the epicardial EA voltage map.
Results In patients without cardiomyopathy (n  8), a voltage 1.5 mV best correlated with the absence of epicardial
fat. A fat thickness 2.8 mm resulted in voltage attenuation and best separated low voltage (1.5 mV) from
normal voltage (1.5 mV; sensitivity 81%, specificity 81%, area under the curve 0.85). In patients without car-
diomyopathy, the low-voltage area matched well with the area of epicardial fat. In the 6 patients with nonisch-
emic cardiomyopathy, the low-voltage area by far exceeded the area accounted for by epicardial fat; this corre-
sponded with the presence of scar tissue. Epicardial ablations at sites with 10 mm of fat were ineffective.
Conclusions Cardiac CT identifies epicardial fat that can mimic scar tissue during epicardial EA voltage mapping, which is
important during epicardial mapping and ablation. (J Am Coll Cardiol 2010;56:1320–7) © 2010 by the
American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2010.04.054d
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(entricular arrhythmias are often generated by scar tissue
hat is characterized by low-voltage bipolar electrograms on
n electroanatomical map. Scar tissue can be located on the
picardial surface of the heart, especially in patients with
onischemic cardiomyopathy. Fat frequently is present on
he epicardium of the heart. As with scar tissue, fat tissue is
haracterized by low voltage (1). If an arrhythmia originates
n an area covered by epicardial fat, conventional ablation
ay be inadequate, and irrigated catheters may be required
o reach the arrhythmogenic focus. Epicardial fat tissue can
eadily be identified by cardiac computed tomography (CT)
ased on the distinct attenuation of fat tissue (2). The
bjective of this study was to correlate a 3-dimensional (3D)
rom the University of Michigan Health Center, Ann Arbor, Michigan. Dr.
esjardins is now affiliated with the University of Pennsylvania, Philadelphia,
ennsylvania. Dr. Desjardins was supported by National Institutes of Health grant
o. K23 EB006481. All other authors have reported that they have no relationships
o disclose.f
Manuscript received December 29, 2009; revised manuscript received March 15,
010, accepted April 13, 2010.isplay of epicardial fat with the electroanatomical (EA)
ap obtained during a percutaneous epicardial mapping
rocedure. The aim was to determine cut-off values of fat
hickness resulting in voltage attenuation, to establish volt-
ge criteria for normal ventricular epicardium in the absence
f fat tissue, and to assess whether the ablation outcome was
ffected by the presence of epicardial fat.
ethods
ourteen consecutive patients (11 men, mean age 42  14
ears; ejection fraction 49  20%) underwent transcutaneous
picardial mapping for treatment of drug-refractory ventricular
r supraventricular arrhythmias. All patients had undergone
nsuccessful endocardial mapping and ablation before the
picardial mapping procedure. Six of the 14 patients had
onischemic cardiomyopathy (dilated cardiomyopathy, n 
; arrhythmogenic right ventricular dysplasia, n 1; mean
jection fraction: 0.33  0.19%) and ventricular tachycardia
VT). The other 8 patients had normal left ventricular
unction and no evidence of structural heart disease (ejection
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October 12, 2010:1320–7 Epicardial Fat and Computed Tomographyraction: 0.61  0.06%). One of these 8 patients had
entricular tachycardia, 2 had frequent premature ventric-
lar complexes (PVCs), 4 had Wolff-Parkinson-White
yndrome, and 1 had atrial tachycardia (Table 1).
lectrophysiology procedure. This study was approved
y the University of Michigan Institutional Review Board.
fter informed consent was obtained, vascular access was
btained in a femoral vein. Two multielectrode catheters
ere positioned in the His bundle position and the right
entricular apex. In the patients with structural heart dis-
ase, programmed ventricular stimulation at 2 right ventric-
lar sites was performed using up to 4 extrastimuli before
nd after the ablation procedure to assess for inducible VTs
3). Pericardial access was obtained as described by Sosa et
l. (4) Thereafter, 3,000 U of heparin were administered
ollowed by an additional 1,000 U/h; if left ventricular
ndocardial mapping was performed, a bolus of 5,000 U of
eparin was administered, with additional heparin as
eeded to maintain an activated clotting time 250 s.
apping and ablation procedure. An 8-F multipolar
atheter (QwikStar, Biosense Webster, Diamond Bar, Cal-
fornia) was used for mapping and ablation within the
ericardial space. Epicardial voltage mapping was per-
ormed with a mean of 226  212 points for tip reconstruc-
ion and a mean of 1,044 564 points for combined tip and
haft reconstruction. Intracardiac and epicardial electro-
rams and the surface electrocardiograms were displayed at
speed of 100 mm/s. All electrograms were filtered at
andpass settings of 50 to 500 Hz. The recordings were
tored on optical disc (EP Med Systems Inc., West Berlin,
ew Jersey). The voltage maps were performed during sinus
hythm and were displayed as maps, including the tip
econstruction and the combined reconstruction map
Fig. 1). Analysis was carried out at the epicardial sites that
ere acquired by the catheter tip only. In patients with
tructural heart disease, pace mapping was performed at
ites with a voltage 1.5 mV to map ventricular arrhyth-
ias. In patients without structural heart disease, PVCs and
upraventricular tachycardias were mapped by activation
apping. The maps were compared with the actual loca-
atient CharacteristicsTable 1 Patient Characteristics
Variables
No
Cardiomyopathy
Nonischemic
Cardiomyopathy p Value
Patients (n) 8 6
Age (yrs) 38 13 47 15 0.3
Sex (M/F) 6/2 5/1 0.9
Ejection fraction 0.62 0.06 0.33 0.19 0.002
Arrhythmia
VT 1 6 NS
PVCs 2 0 NS
SVT 5 0 NS
Effective epicardial ablation 1/8 6/6c
VC  premature ventricular complexes; SVT  supraventricular tachycardia; VT  ventricular
achycardia.ions of fat in 3 patients who
nderwent heart transplantation
Fig. 1).
When radiofrequency energy
as delivered in the epicardial
pace, this was preceded by cor-
nary angiography to document
distance of 5 mm from a
ajor epicardial coronary artery
5). Ablation was first attempted
ith the Qwikmap catheter at a
ower of up to 50 W and a target
emperature of 60°C. If there was
nsufficient heating or if the
ower was 20 W, the catheter
as changed to an open-irrigated catheter (Thermocool,
iosense Webster). Radiofrequency energy was delivered
ith the irrigated-tip catheter at an initial power of 20 W.
he power was titrated to achieve a 10-ohm impedance
rop. The irrigant was removed continuously via the peri-
ardial sheath.
lectrogram analysis. The low-voltage bipolar electro-
rams in patients with and without cardiomyopathy were
nalyzed and correlated with the overlying epicardial fat
hickness. The electrogram readers were blinded to the CT
ata. The electrogram width and the timing from the
eginning of the QRS complex to the end of the recorded
lectrogram were measured. The number of distinct spikes
ithin the electrogram was assessed. The presence of
solated potentials was documented. An isolated potential
as defined as an electrogram that was separated by an
soelectric segment of 20 ms from the ventricular
lectrogram.
rocessing of CT images. Each patient underwent an
lectrocardiogram-gated cardiac CT on a 64-slice scanner
General Electric, Milwaukee, Wisconsin) with intravenous
odinated contrast agent before the epicardial mapping
rocedure. A stack of CT images (0.5 0.5 mm resolution,
.25-mm thickness) from a single cardiac phase at 70% of
he RR-wave interval was then post-processed (Osirix,
eneva, Switzerland). First, the pericardial membrane was
dentified (Fig. 2, left panel) and traced in a single contour
round the heart on sample images. Although on some
mages the location of the pericardial membrane was diffi-
ult to identify, the 3D nature of the CT data and the
ocation of the epicardial vessels made it possible to follow
he 3D course of the pericardial membrane in all cases. The
ontour was made continuous behind the heart for simplic-
ty. The contours on the other images were then interpo-
ated by the software and manually corrected for exact fit. If
uid was present in the pericardial sac, the visceral layer of
he pericardium was included in the contour. The outer
ontour of the myocardium then was identified by thresh-
lding with manual adjustments. The area between the 2
Abbreviations
and Acronyms
3D  3-dimensional
CT  computed
tomography
EA  electroanatomical
MRI  magnetic resonance
imaging
PVC  premature
ventricular complex
ROC  receiver-operator
characteristic
VT  ventricular tachycardiaontours represented the fat and epicardial vessels. The fat
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Epicardial Fat and Computed Tomography October 12, 2010:1320–7utside the pericardium was not included because it would
ot be interposed between myocardium and the mapping
atheter. The reproducibility of the technique for semiau-
omatic measurements of the epicardial fat contours was
ssessed. Intraobserver variability was 0.65  0.64 mm
range per subject: 0.41 to 1.06 mm). Interobserver
ariability was 0.81  0.78 mm (range per subject: 0.51 to
.20 mm).
Both a 3D epicardial fat image and a 3D myocardial
mage were exported by the software for further process-
ng. The thickness of epicardial fat was computed from
he 3D epicardial fat map using 3D mathematical mor-
hological operators and displayed in a color-coded map
ORS Visual, Montreal, Quebec, Canada) (Fig. 3). The
D epicardial fat and myocardial images were registered
ith the 3D epicardial voltage map using customized
oftware on Matlab (Mathworks, Natick, Massachusetts)
Figure 1 Distribution of Epicardial Fat and Electroanatomical M
(Left) Epicardial voltage map of a patient with nonischemic cardiomyopathy. The volta
rior surface of the heart. There is a low-voltage area (red) extending from the right ven
right ventricle. (Middle) Gross pathology of the same heart after cardiac transplantatio
cardial fat. (Right) The extracted epicardial fat from the computed tomography data in
fat. The 3-dimensional epicardial fat map was integrated with the voltage map. Low-vo
Figure 2 CT Image and Corresponding Gross Pathology
(Left) Short-axis computed tomography (CT) slice of the basal left and right ventric
attenuation line separating the epicardial from the pericardial fat tissue. (Right) S
the left panel. Black arrows indicate an epicardial ablation lesion that resulted in
cardial fat tissue and displayed low voltage, indicative of an epicardial scar.Fig. 1). Landmark registration initially was performed
sing 3 reference points: the epicardial apex and the most
ateral tricuspid and mitral annular points. This was
ollowed by surface registration using a Gauss-Newton
ptimization approach. The positional error of the reg-
stered map was 2.97  0.85 mm using surface registra-
ion statistics. For each epicardial mapping point, the
mount of underlying epicardial fat tissue was determined
t the corresponding specific location on the registered
ardiac CT (Figs. 1 and 4).
In the 8 patients without structural heart disease, an
ptimal threshold value of fat thickness resulting in voltage
ttenuation due to underlying epicardial fat was determined
y comparing sites with 1.5 and 1.5 mV and construct-
ng receiver-operator characteristic (ROC) curves (Fig. 5,
eft panel). In addition, the optimal epicardial voltage
eparating sites with and without epicardial fat was also
ng
shows a combined display of the tip and shaft surface reconstruction of the ante-
r outflow tract to the apex and following the lateral inferior margin to the base of the
trating that the area of low voltage on the left largely corresponds to an area of epi-
atient is shown in yellow. The remaining epicardial surface (dark red) is devoid of
oints are bright red and normal voltage points are purple.
the heart in Figure 1. White arrows indicate the pericardial membrane, a higher
eart cut in short axis after explantation at the same level as the CT image on
ation of an epicardial ventricular tachycardia. Note that this site is devoid of epi-appi
ge map
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October 12, 2010:1320–7 Epicardial Fat and Computed Tomographyetermined by constructing ROC curves at multiple
xed-fat thicknesses (Fig. 5, right panel).
The distribution of ventricular epicardial fat was dis-
layed on a 3D map and was correlated with low-voltage
oints on the electroanatomical maps (Fig. 1). Low epicar-
ial voltage in this study was defined as a voltage 1.5 mV
ased on prior studies using endocardial mapping data (6).
ithin the ventricular epicardium, the percentages of low-
nd normal-voltage points projecting on fat and nonfat
Figure 3 3-Dimensional Map of Epicardial Fat Thickness
Display of the thickness of the epicardial fat in the heart from Figure 1 in a
color-coded map.
Figure 4 Epicardial Voltage and Fat Thickness
Distribution of epicardial voltages for catheter tip points for all mapped sites in pa
mV is indicated by a horizontal red line.issue were determined. The size of fat tissue covering the
eft and right ventricles was determined. Because a voltage
utoff of 1.0 mV also was used in prior studies (7), the
picardial fat thickness differentiating sites with a voltage
1.0 and 1.0 mV was also determined.
The area of epicardial fat was compared with the size of
entricular low-voltage areas as determined by the epicardial
lectroanatomical voltage map. Scar was defined as low-
oltage sites in areas devoid of epicardial fat; this area was
easured (Fig. 6) and was correlated with the presence of
car on delayed enhancement magnetic resonance imaging
MRI) in 3 patients. The regions of scar were compared
ith the areas of epicardial fat. An MRI was not obtained
n 5 of 6 patients with cardiomyopathy who had an
mplanted cardioverter defibrillator.
At effective ablation sites and at other epicardial regions
f interest where mapping criteria were met, the voltage
uring sinus rhythm and the thickness of the epicardial fat
as determined (Fig. 6).
RI. An MRI was performed to assess for ventricular scar
n 3 patients with ventricular arrhythmias who did not have
contraindications for MRI. The MRI was performed with
1.5-T MRI scanner (Signa Excite CV/i, General Electric)
ith a 4- or 8-element phased array coil placed over the
hest of patients in the supine position. Images were
cquired with electrocardiography gating during breath-
olds. Dynamic short- and long-axis images of the heart
ere acquired using a segmented, k-space, steady-state,
ree-precession pulse sequence (repetition time 4.2 ms, echo
without cardiomyopathy with respect to local fat thickness. The threshold of 1.5tients
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Epicardial Fat and Computed Tomography October 12, 2010:1320–7ime 1.8 ms, 1.4  1.4-mm in-plane spatial resolution,
lice thickness 8 mm). Fifteen minutes after administra-
ion of 0.20 mmol/kg intravenous gadolinium DTPA
Magnevist, Berlex Pharmaceuticals, Wayne, New Jersey),
-dimensional delayed enhancement imaging was per-
ormed using an inversion-recovery sequence (8) (repetition
ime 6.7 ms, echo time 3.2 ms, in-plane spatial resolution
.4  2.2 mm, slice thickness 8 mm) in the short axis and
ong axis of the left ventricle at matching cine-image slice
ocations. The inversion time (250 to 350 ms) was opti-
ized to null the normal myocardium.
Figure 5 Determination of Cut-Off Values From ROC Curves
(Left) Receiver-operator characteristic (ROC) curve (1 – specificity vs. sensitivity) fo
cut-offs correlating with epicardial bipolar voltages from Figure 4. The cut-off value
with normal voltage was 2.8 mm (sensitivity 81%, specificity 81%, area under the
able: fat thickness. (Right) ROC curves for different fixed-fat thickness for all map
indicated by green circles. The 1.5-mV cut-off is located on each curve at its inflec
each curve: bipolar voltage.
Figure 6 Epicardial Fat and Scar
(Left) Extracted epicardial fat (yellow) together with the epicardium (dark red) in a
cardial scar in the inferolateral left ventricular area (white arrows). (Right) Voltag
eral free wall of the left ventricle to the left ventricular apex. The epicardial fat (ye
on the left ventricular epicardium that is devoid of fat. The traced area indicates a
effective ablation sites for 3 epicardial ventricular tachycardias.tatistical analysis. Continuous variables are expressed as
ean  1 SD. Comparisons were performed using Student
test, paired when appropriate. Discrete variables were
ompared using chi-square test or the Fisher exact test, as
ppropriate. The Pearson correlation coefficient was used to
ompare the size of epicardial ventricular fat as determined
y CT and the size of the ventricular low-voltage area as
ssessed by EA mapping. ROC curves were constructed to
etermine the best combined sensitivity/specificity to dif-
erentiate low voltage due to epicardial fat from normal
oltage. A p value 0.05 indicated statistical significance.
-voltage threshold (1.5 mV) for all mapped sites relating different fat thickness
cardial fat thickness that best separated epicardial low-voltage sites from sites
0.85). Cut-off values of 1 to 6 mm are illustrated on the curve. Predictive vari-
tes, spanning from 0 mm (red curve) to 5 mm (blue curve), with 1.5-mV cut-off
oint, maximizing the sum of sensitivity and specificity. Predictive variable for
nt with nonischemic cardiomyopathy. (Middle) A short-axis MRI indicating an epi-
in the same patient indicating an area of low voltage extending from the basolat-
s merged with the electroanatomical voltage map. The low-voltage area projects
oltage area devoid of epicardial fat measuring 22.8 cm2. The white tags indicater fixed
of epi
curve
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picardial voltage mapping and fat thickness in patients
ithout cardiomyopathy. Low-voltage areas were identi-
ed in all 8 patients in the atrioventricular groove and
nterventricular groove and at the inferolateral right ventri-
le in 7 patients (Table 2). The cut-off value of epicardial fat
hickness that best separated epicardial low-voltage sites
1.5 mV) from sites with normal voltage (1.5 mV) was
.8 mm (sensitivity 81%, specificity 81%, area under the
urve 0.85) (Figs. 4 and 5). Using 1.0 mV as a cut-off
alue for low voltage, the epicardial fat thickness that best
eparated sites with epicardial low-voltage from sites with
ormal voltage was 3.0 mm (sensitivity 83%, specificity
8%, area under the curve 0.85).
For fixed-fat thickness threshold in the 0- to 5-mm
ange, an epicardial voltage of 1.5 mV was located at the
nflexion point of each respective ROC curve, maximizing
he sum of sensitivity and specificity, and best separated sites
ith low voltage and normal voltage (Fig. 5).
Ninety-seven percent of all sites devoid of fat had a
oltage 1.5 mV. Including sites with a thin layer of
picardial fat (2.8 mm), 92% of all sites had a voltage
1.5 mV. Only 4% of low-voltage points projected on areas
evoid of fat. The mean voltage at sites devoid of epicardial
at was 3.5 mV, and the mean voltage of epicardial mapping
oints where 2.8 mm of fat was present was 1.7 mV (p 
omparison of Voltage Map and Fat Mapatients Without C rdiomyopathyWith Subject as Unit of Analysis)
Table 2
C mparison of Vol age Map and Fat Map
Patients Without Cardiomyopathy
(With Subject as Unit of Analysis)
Mean  SD p Value
Normal vs. low bipolar voltage
Points with normal voltage
% that are in area of no fat 23 22
% that are in area of thin fat 84 10
Fat thickness, mm 1.6 1.7
Points with low voltage (vs. normal voltage)
% that are in area of no fat 4 7 0.04
% that are in area of thin fat 19 17 0.0001
Fat thickness, mm 5.0 3.0 0.0001
Fat thickness
Points in area with no fat
% that have normal voltage 97 7
Bipolar voltage, mV 3.9 2.5
Unipolar voltage, mV 8.3 3.7
Points in area with thin fat (vs. no fat)
% that have normal voltage 92 6 0.15
Bipolar voltage 3.5 2.3 0.04
Unipolar voltage 8.3 3.8 0.9
Points in area with thick fat (vs. no/thin fat)
% that have normal voltage 46 25 0.0002
Bipolar voltage, mV 1.7 1.8 0.0001
Unipolar voltage, mV 6.4 3.8 0.0001
ormal bipolar voltage:1.5mV; low bipolar voltage:1.5mV; area of thin fat:2.8mm fat; area
f thick fat: 2.8 mm fat..0001). The thickness of epicardial fat was correlated vnversely with the epicardial voltage (R  0.40, p 
.0001) (Fig. 4).
picardial fat, voltage mapping, and scar. In the patients
ithout structural heart disease, there was a strong correla-
ion between the surface area of low voltage and the surface
rea of epicardial fat covering the ventricular surface (R 
.99; p  0.0001). In these patients, the low-voltage area
as 70  43 cm2. This matched with the area of epicardial
at overlying the ventricular myocardium (76  50 cm2;
 0.2).
In patients with nonischemic cardiomyopathy, the area of
ow voltage was larger (201  86 cm2; p  0.003), and the
rea of epicardial fat was similar (113  42 cm2; p  0.4)
ompared with patients without structural heart disease.
he discrepancy between the area of fat and the area of low
oltage in patients with cardiomyopathy was a mean of 88
1 cm2, which was significantly larger than in patients
ithout cardiomyopathy (5  11 cm2; p  0.003).
picardial scar accounted for this discrepancy (Fig. 6).
picardial fat and outcome of ablation. Eleven targeted
picardial VTs (cycle length: 397  90 ms) in 6 patients (all
ith nonischemic cardiomyopathy) and 1 accessory epicar-
ial atrioventricular pathway were successfully ablated on
he epicardial surface. In the 3 patients without structural
eart disease in whom epicardial PVCs or VT were tar-
eted, despite the earliest activation being detected in the
asal epicardial left ventricle, ablation failed. In 1 patient
ith an epicardial posterior pathway, epicardial ablation also
ailed in the epicardium. The voltage did not differ signif-
cantly at effective and ineffective epicardial target sites
0.65  0.52 mV vs. 0.37  0.04 mV; p  0.6). However,
he epicardial fat layer was significantly thinner at effective
han at ineffective ablation sites (1.1  1.3 mm vs. 13.2 
.1 mm; p  0.0001). In all patients with effective ablation
f VT, the target sites were located at low-voltage sites
evoid of epicardial fat (Fig. 2, right panel) (mean voltage:
.73  1.1 mV). In the 3 patients with idiopathic PVCs
r VTs, despite the earliest activation time being located
n the epicardium, ablation was ineffective, and the site of
rigin was located beneath an epicardial fat layer of 10.8
o 14.6 mm. The voltage at these sites was 0.4  0.08
V. In the patient with effective ablation of an epicardial
ccessory pathway, the pathway was located at a postero-
eptal site with a voltage of 1.8 mV beneath an epicardial
at layer of 1.8 mm. In a patient with unsuccessful ab-
ation of an epicardial posterior accessory pathway, the
hickness of epicardial fat overlying the target site was
4.3 mm.
In 3 patients (2 patients with Wolff-Parkinson-White
yndrome and 1 patient with atrial tachycardia), ablation
as effective at an endocardial site.
ross pathology. In the 3 hearts that were explanted due
o heart transplantation 2 weeks to 2 months after the
blation procedure, no discrete scar was detected epicardi-
lly, and there was diffuse fibrosis throughout the entire
entricular myocardium. In all 3 hearts, the epicardial fat
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Epicardial Fat and Computed Tomography October 12, 2010:1320–7istribution macroscopically closely matched with the epi-
ardial fat distribution on the CT images (Fig. 1).
lectrogram analysis. Isolated potentials were only re-
orded in patients with cardiomyopathy and were not
dentified in patients without structural heart disease (p 
.05). Electrogram duration and number of spikes within
he electrogram did not differ when sites from patients with
verlaying epicardial fat2.8 mm were compared with sites
rom patients with less epicardial fat (114  21 ms vs. 101
11 ms, p 0.1; and 2.9 1.1 spikes vs. 2.6 0.6 spikes,
 0.3, respectively). Also, there was no difference in the
ercentage of electrograms extending beyond the end of the
RS complex comparing sites from patients with 2.8 mm
picardial fat with electrograms from patients with less epicar-
ial fat (0.34  0.22 vs. 0.33  0.17; p  0.8).
ollow-up. The mean follow-up period was 23 14
onths. In the 3 patients with idiopathic PVCs or VT,
rrhythmia control was achieved by treatment with
aughanWilliams class IC antiarrhythmics, amiodarone, or
eta-blockers. Arrhythmias in 3 patients with cardiomyop-
thy who did not undergo transplantation were controlled
y therapy with dofetilide, amiodarone, or beta-blockers. In
he patients with supraventricular arrhythmias, no arrhyth-
ias recurred in 3 of 6 patients in whom all medications
ere discontinued. The other 3 patients remained on a
eta-blocker or Vaughan Williams class IC antiarrhythmic
edication.
iscussion
ain findings. This report is unique in that CT technol-
gy was used to characterize the extent of fat tissue by
xtracting and integrating epicardial fat information into
A voltage maps, thereby helping to distinguish epicardial
at from scar tissue. Radiofrequency energy applications
ere ineffective in part due to a substantial layer of epicar-
ial fat measuring 10 mm in thickness. An epicardial fat
ayer 2.8 mm resulted in epicardial voltage attenuation. In
atients without cardiomyopathy, an epicardial voltage of
.5 mV best separated sites with and without overlying
picardial fat.
dentification and registration of epicardial fat. Low-
oltage endocardial electrograms are used to differentiate
ormal endocardium from scar tissue. Although this tech-
ique is valid for the endocardium, this is not true for the
picardium, where low voltage may be due to fat tissue. This
imitation of epicardial voltage mapping can be overcome by
xtracting and registering epicardial fat into the electroana-
omical voltage map. Using CT for identification of epicar-
ial fat is highly reproducible and accurate, as demonstrated
n this study.
Epicardial radiofrequency ablation is substantially limited
y the presence of epicardial fat. Even when an irrigated-tip
atheter was used, a fat thickness of 3.5 mm could not be
enetrated by an ablation lesion in a prior report (9). cherefore, knowing the thickness of fat overlying the
entricular epicardium is important in the planning of an
picardial mapping and ablation procedure. In 4 patients,
he presence of epicardial fat limited the efficacy of the
blation procedure despite the use of an irrigated-tip abla-
ion catheter. Epicardial VTs were effectively ablated in
reas of low voltage devoid of epicardial fat, indicative of
car. If an appropriate target site for VT ablation cannot be
dentified despite extensive endocardial and epicardial map-
ing, it is possible that an epicardial VT circuit is present
nd that the appropriate target site is sheltered by epicardial
at. However, another possible explanation would be an
ntramural circuit. If there are no contraindications, MRI
ould demonstrate intramural scarring suggestive of an
ntramural circuit. MRI technology can also be used to
mage epicardial fat; however, in patients with implanted
efibrillators MRIs are often contraindicated, and a CT
hould be used for fat imaging.
rior studies. Cano et al. (7) described electrogram char-
cteristics in patients undergoing epicardial mapping and
blation procedures. In patients without cardiomyopathy, a
oltage cut-off of 0.94 mV separated areas with normal
oltage from areas with low voltage if electrograms within
he regions of the atrioventricular groove and the epicardial
essels were excluded. If these areas were not excluded, the
ipolar voltage comprising 95% of the recorded sites was
0.61 mV. Fat tissue was not quantified in this study, and
herefore, the cut-off value of 0.94 mV separating low from
ormal voltage might not have been accurate. In the present
tudy, a cut-off value of 1.5 mV was accurate for differen-
iating low-voltage from normal-voltage sites. Using a lower
ut-off value might underestimate the size of the arrhyth-
ogenic substrate, and sites critical to an epicardial VT
ight be missed.
tudy limitations. This was a small series, and the
ndings need to be confirmed in a larger study. Further-
ore, although it is possible to identify fat tissue, one
annot be certain about the absence of scar below the
picardial layer of fat. However, analysis of the electro-
ram characteristics suggests that scarring often was
resent under a layer of epicardial fat. A cardiac MRI
ith delayed enhancement may be helpful to identify scar
hat underlies fat.
Registration accuracy between the CT data and the
picardial mapping data is within 3 mm, which impacts
ssessment of fat thickness to a minor extent. Real-time
oronary angiography is, however, required before ablation
o maximize patient safety.
Lack of adequate contact of the catheter with tissue
ight also result in low voltage. However, in the case of
picardial mapping, this was less likely to occur because
one of the patients had pericardial effusions, and if an
rrigated-tip catheter was used, the irrigant was removed
ontinuously.
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T epicardial fat imaging facilitates the correct interpreta-
ion of epicardial voltage maps. The integration of extracted
T fat images into 3D EA mapping systems can also help
o identify areas that are difficult to penetrate because of
xtensive epicardial fat.
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